may have taken during the entire follow-up, and presence of cumulative antiphospholipid syndrome (APS) (as diagnosed according to the 2006 Sapporo criteria) (6) were recorded as obtained from the patient files and electronic registry system.
Hematological involvement was classified such that a hemoglobin count of <13gr/dL in males and <12gr/dL in females was considered as anemia, and likewise, a leukocyte count of <4000/mm 3 as leukopenia, an absolute lymphocyte count of <1500/mm 3 as lymphopenia, an absolute neutrophil count of <1500/mm 3 as neutropenia, and a platelet count of <100000/ mm 3 as thrombocytopenia. In a separate assessment, thrombocytopenia was also assumed for a platelet count of <150000/mm 3 . Results of ferritin and direct Coombs' tests are saved for anemic patients. Either anemia, leukopenia, lymphopenia, neutropenia, or thrombocytopenia, if present, were considered as cytopenia. Our cohort was evaluated in terms of cytopenia in 2 different ways: existence of cytopenia at the time of diagnosis (d-cytopenia); and existence of cytopenia at diagnosis or at any time thereafter during follow-up (cumulative cytopenia, i.e., c-cytopenia). Drug-or disease-induced cytopenia were differentiated based on bone marrow aspiration/biopsy and on whether there was a response or not to the change of medication. Organ involvement was assessed based on the ACR classification criteria.
Anti-nuclear antibody testing was conducted by the indirect immunofluorescence method, and a result >1/160 was taken as positive. Immunoblotting assay was performed to detect anti-Sm, anti-RNP, anti-Ro, and anti-La antibodies. Anti-ds-DNA, and IgM and IgG anticardiolipin immunoglobulins were tested by the ELISA method, lupus anticoagulant was screened by functional coagulation test and complement levels were tested by the nephelometric method. Patients were assessed every 2-4 weeks if they suffered any serious organ involvement and every 1-3 months in there was no serious involvement. Anti-ds-DNA and complement levels were determined at the time of diagnosis, in the event of a suspected exacerbation, and every 6 months if the patient reported no problems. The approval of the local ethics committee was obtained for the study. Written informed consent was obtained from the patients who participated in this study.
Statistical analysis
Statistical Packages for Social Sciences (SPSS) for Windows version 22.0 (IBM Corp.; Armonk, NY, USA) was used for the statistical analysis of the results. Within a confidence interval of 95%, a value of p<0.05 was accepted as statistically significant. Measurement variables are presented as mean±SD (standard deviation). Normality assumptions were evaluated by the Shapiro Wilk test. Parametric tests were conducted for normally distributed data, and non-parametric tests were conducted for non-normally distributed data. Non-normally distributed data is presented as the median and the 25-75th percentile. Independent samples t test and Mann Whitney U test were used for the comparison of two independent groups. Chi-square test was employed to conduct analyses of cross tables. The binary logistic regression model was applied in order to identify multiple independent risk factors for the dependent variables d-cytopenia, c-cytopenia, anemia at the time of diagnosis, leukopenia, lymphopenia, neutropenia, and thrombocytopenia.
Results
Out of 221 patients included in this study, 95.5% (n=211) were female, and the average age of the patient group was 41.7±13.5 (18-73) years. Most common symptoms at admission were arthralgia in 22.1% (n=49) and malar rash in 12.7% (n=28). Cytopenia was diagnosed on 16.2% (n=32) of the patients, and 33% (n=12) of the cytopenia cases were due to immune thrombocytopenia (ITP). Demographic features and organ involvement in the patients are given in Table 1 and their hematological and immunological data are shown in Table 2 .
d-Cytopenia features
Cytopenia was already present in 83.3% (n=184) of patients at the time of diagnosis. Among them, anemia was detected in 56.1% (n=124), leukopenia in 28.9% (n=64), lymphopenia in 76% (n=168), neutropenia in 4.5% (n=10), and thrombocytopenia with <100000/ mm 3 in 17.2% (n=38) of patients. Our search for the etiology of anemia revealed that 60.5% of the anemic patients suffered anemia of chronic disease (A-CD), while 29% had hemolytic anemia and were positive for the direct Coombs' test. In terms of morphology, 35.5% (n=44) had hypochromic microcytic anemia, 62.1% (n=77) had normochromic normocytic anemia, and 2.4% (n=3) had macrocytic anemia. Table 3 shows the characteristics of the SLE patients who presented cytopenia at diagnosis.
c-Cytopenia features
Cytopenia also developed in our SLE patients after the time of diagnosis, i.e., during the follow-up period, reaching up to a cumulative incidence of 90% (n=199). Cumulatively, anemia was detected in 66.5% (n=147), leukopenia in 48% (n=106), lymphopenia in 79.2% (n=175), neutropenia in 10% (n=22), and thrombocytopenia with <100000/mm 3 in 34% (n=76) of patients. Cumulative cytopenia was disease-related in 83.4% (n=166) and drug-related in 16.6% (n=33) of the patients. In drug-induced cytopenia, the drugs prescribed were azathioprine in 66.7% (n=22), methotrexate in 15.2% (n=5), cyclophosphamide in 9.1% (n=3), and mycophenolate mofetil in 9.1% (n=3) of patients.
The most common involvement in SLE patients was hematological, in 83.2% (n=184) of patients, followed by photosensitivity in 38% (n=84) of patients. Furthermore, renal involvement was detected in 24.9% (n=55) of patients.
In order to understand any differences, we assessed patients according to presentation of cytopenia at diagnosis, and patients who were cytopenic at the time of diagnosis (Table 4) showed a significantly higher ESR (p<0.001), significantly more C3 and C4 hypocomplementemia (p=0.015 and p=0.028), significantly greater number of positive anti-ds-DNA tests (p=0.019), and significantly higher ACA-IgG (p=0.036).
Upon comparison of patients with and without cytopenia at the time of diagnosis, it was observed a significantly higher incidence of photosensitivity, renal involvement and APS in patients with cytopenia at diagnosis (p=0.039, p=0.017, and p=0.007, respectively). There was no difference between the two patient sets in terms of other organ involvements (p>0.05).
After evaluating the patients regarding the medical treatment they had received throughout the follow-up, it was found that the most frequently used drugs by the 221 patients were: hydrochloroquine, the most prescribed, with a proportion of 97.3% (n=215); steroids, which were used by 70.6% (n=156); azathioprine, used by 49.3% (n=109); cyclophosphamide, used by 21.7% (n=48); mycophenolate mofetil, used by 9% (n=20); and lastly, methotrexate, used by 7.2% (n=16).
When cumulative cytopenia periods of our patients have been reviewed 128 patients with autoimmune hemolytic anemia (AIHA), thrombocytopenia, leukopenia, or neutrope- , and by rituximab in 1.6% (n=2); discontinuation of drugs in 5.5% (n=7), and splenectomy in 3.1% (n=4) of patients were required for recovery. Finally, 14.8% (n=19) of patients recovered spontaneously, whereas no recovery was attained in 3.9% (n=5) of the patients despite the administered treatment.
Anemia, leukopenia, lymphopenia, neutropenia, and thrombocytopenia at the time of diagnosis were not found to be related to other organ involvement by SLE. Regarding the presence of cytopenia at the time of diagnosis, independent risk factors were identified as being female, elevated ESR and existence of APS, photosensitivity, renal involvement; anemia and decreased C4 were identified as independent risk factors for leukopenia at the time of diagnosis; independent risk factors for lymphopenia at diagnosis were being positive for anti-ds-DNA, reduced C3 levels, and existence of anemia and leukopenia; for anemia, independent risk factors were elevated ESR, decreased C3 levels, and presentation of leukopenia; finally, the only independent risk factor for thrombocytopenia was elevated ESR. No independent risk factors were identified for neutropenia at the time of diagnosis. APS presentation, photosensitivity and elevated ESR at the time of diagnosis, as well as decreased C4 levels and being positive for anti-ds-DNA were identified as independent risk factors for cumulative cytopenia. (Independent risk factors for each of the dependent variables are given in Table 5 ).
Discussion
Hematological involvement may already exist at the time of SLE diagnosis or it may develop subsequently induced by the disease or drugs (2-4). The most frequent hematological involvement suffered by the patients at the time of diagnosis were lymphopenia and anemia.
Leukopenia has been reported in the literature in about 22%-41.8% of SLE patients, oftentimes at the time of diagnosis and in treatment-naïve patients. Leukopenia may be triggered by either or both lymphopenia and neutropenia. Lymphopenia and neutropenia occur with a prevalence of approximately 15%-82% and 20%-40%, respectively (7, 8) . Although thrombocytopenia with < of 100000/mm 3 may appear in 10%-25% of SLE patients, thrombocytopenia may, like anemia, result from a number of immune (antiplatelet antibodies, anti-thrombopoietin antibodies, antiphospholipid antibodies, etc.) and non-immune (drug-induced bone marrow suppression, infection, etc.) causes (7, 9) . Among the patients composing our SLE cohort, we determined the proportion of leukopenia at diagnosis as 28.9%, a figure remaining within the range described in the literature, and the proportion of leukopenia when the cumulative cytopenia period is taken into account was 48%. Lymphopenia was present in 76% of our patients when they were diagnosed with SLE. Thrombocytopenia at diagnosis was comparable to the figure mentioned in the literature, existing in 17.2% of patients. The frequency of neutropenia at diagnosis, on the other hand, was 4.5% and lower than in other studies. The discrepancy may arise from the racial difference of our study population compared to the population of other studies.
There are a plethora of diverse causes underpinning anemia development in SLE patients, including non-immune and immune causes (AIHA, pure red cell aplasia, etc.). ACD and anemia related to chronic renal failure stand for the most common non-immune etiologies (7) . SLE patients may already have anemia at the time of diagnosis at varying proportions from 63% to 89% (10-14). In our SLE patients, anemia was present in 56.1% at the time of diagnosis and the most frequent cause was inflammation-related ACD in 60.5%, followed by hemolytic anemia (detected by a positive direct Coombs' test) and iron deficiency anemia. In line with literature data, the most common reason for anemia in our cohort was ACD, a non-immune cause. The percentage of AIHA reported in the literature ranges around 10%-28%, and 29% of our patients was affected by AIHA, in a similar manner to the available data (11, 13). Contrary to the literature, we have determined no correlation beetwen the hematological alterations and the organ involvement in our patient with SLE. When the comparison was made for positive autoantibody results, antids-DNA and ACA-IgG were significantly higher in cytopenic patients. We determined a significantly higher occurrence of photosensitivity, renal involvement, and APS in patients with cytopenia at diagnosis with respect to those with no cytopenia at that time. APS, photosensitivity, and elevated ESR at the time of diagnosis were independent factors for both cytopenia at the time of diagnosis and cumulative cytopenia, while being female and renal involvement were identified as independent risk factors for cytopenia at the time of diagnosis; C4 hypocomplementemia and being positive for anti-ds-DNA represent the independent risk factors for cumulative cytopenia. In SLE patients with cytopenia, a closer follow-up should be maintained regarding development of cytopenia and the frequency of complete blood count (CBC) testing should be improved in case they present with C3 and C4 hypocomplementemia, elevated ESR, positive anti-ds-DNA, photosensitivity, and APS.
Leukopenia may also be a predictor for being anti-ds-DNA positive, a component of the SLE diagnostic criteria (4) . Similarly, our patients with cytopenia at diagnosis were significantly found to be positive for anti-ds-DNA more frequently. This result suggests the possibility to predict a positive result for anti-ds-DNA in SLE patients who were detected to be cytopenic at the time of diagnosis. Thus, ordering antids-DNA testing together with ANA in patients who attend outpatient departments of internal diseases or hematology due to leukopenia and lymphopenia would be guiding in the diagnosis of SLE.
As well as it may exist at the time of diagnosis in SLE patients, cytopenia may also be related to the medications used during the follow-up or to the disease itself. In the study by Rabbani et al., including 198 SLE patients, the three most frequently used immunosuppressive agents were steroid, azathioprine, and cyclophosphamide with percentages of 90%, 41%, and 14%, respectively (2). Similarly, Pego-Reigosa et al. (3) have specified that among immunosuppressive drugs, they have used corticosteroids in 84.6% and azathioprine in 31.2% of 3658 SLE patients. The most widely used immunosuppressive medications in our study rank in a similar manner as the data in the literature, namely, corticosteroid in 70.6% followed by azathioprine in 49.3% of SLE patients.
Assessment of cytopenia in SLE patients requires repeated CBC tests. In the event that cytopenia is detected, a detailed anamnesis should be obtained for past medication history, particularly in patients who have been followed-up. In SLE, the drugs that most often cause drug-related cytopenia are cyclophosphamide, azathioprine, and methotrexate (7) . Cytopenia also developed during the follow-up of our patients, and taken cumulatively, cytopenia was diagnosed in 90% of our cohort throughout the entire follow-up, including the diagnosis. Cumulative cytopenia was disease-related in 83.4% and drug-related in 16.6% of the patients. In cases of disease-related cytopenia, the most widely used and effective medications for the treatment of our cohort were combinations of corticosteroids with either azathioprine or cyclophosphamide. In drug-induced cases of cytopenia, on the other hand, azathioprine was the main drug to cause cytopenia, and methotrexate was at the second place, with proportions of 66.7% and 15.2%, respectively. The drugs that induce cytopenia in our study are included in the drug list reported in the literature as causes of drug-related cytopenia in SLE patients. However, the literature indicates that cyclophosphamide is the most frequent cause of drug-induced cytopenia, whereas in our study the drug which most frequently caused drug-induced cytopenia was azathioprine (7).
There are potential limitations to our study. We have conducted a retrospective study on the clinical and immunological characteristics of SLE patients. Differential diagnosis of leukopenia and/or thrombocytopenia were not done in all cases (peripheral blood smear, bone marrow examination, etc.).
Hematological abnormalities might be encountered in SLE patients at diagnosis or during the follow-up period. The most prevelant clinical involvement was the hematological involvement with lymphopenia and ACD being the most prominent hematological alterations. For cytopenia at the time of diagnosis, independent risk factors were identified as being female, APS, photosensitivity, renal involvement, and elevated ESR. On the other hand, APS, photosensitivity, and elevated ESR at the time of diagnosis, in addition to C4 hypocomplementemia and being positive for anti-ds-DNA represent the independent risk factors for cumulative cytopenia. In SLE patients with cytopenia, renal involvement and APS were more frequently detected as compared to non-cytopenic SLE patients, and therefore, in the event of cytopenia, affected patients should be examined for APS and be closely followed-up regarding renal involvement.
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